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Abstract

Gas diffusion backings (GDBs) with various PTFE loadings for unitized regenerative polymer fuel cells (URFCs) were prepared and the
relations between the PTFE loading amount and the URFC performance were examined. As for the GDB of the hydrogen electrode, both
the fuel cell and water electrolysis performances were not affected by the amount of PTFE loading on the hydrogen side GDB. However,
the URFC performances significantly depended on the PTFE loading amount of the GDB for the oxygen electrode; during the fuel cell
and water electrolysis operations, URFC showed higher performances with smaller PTFE loadings but the cell with no PTFE-coated GDB
showed a very deteriorated fuel cell performance. Cycle properties of the URFC revealed that the efficiency of the URFC decreased with
the increasing cycles when the PTFE loading on oxygen side GDB was too low, however, a stable operation can be achieved with the
appropriate PTFE loading on the GDB.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction lower than that of batteries. Therefore, an improvement in
efficiency is necessary for the practical use of URFC.

In terms of global energy and environmental problems, the  To improve the efficiency of URFC, both the highly active
replacement of fossil fuels by regenerative energy is being bifunctional catalyst for @ redox reactions and the water
considered all over the world]. The utilization of hydro- management in the electrodes are quite important because
gen as an energy medium is believed to be an ideal energymost of the polarization in the URFC is on the Electrode
system because of its high conversion efficiency, regener-side. Although the development of active catalyst materials
ative and zero-emission properties. A unitized regenerative and the catalyst layer structures have been described in sev-
fuel cell (URFC) is an electrochemical cell working both as eral reportd8—13), the water management in the gas diffu-

a fuel cell and water electrolyzer, so that URFC is an energy sion backing (GDB) of the URFC has never been discussed.
storage device using hydrogen as the energy me{@+ai. For polymer electrolyte fuel cells, highly hydrophobitized
Accordingly, URFC could be likely to play an importantrole carbon paper or carbon cloth is usually adopted as the GDB
in meeting the desire for the utilization of hydrogen. Regen- materials, however, they cannot be used as the GDB of a
erative fuel cell systems have the advantages of long-termURFC for the following two reasons: (1) the carbon mate-
energy storage because of they are free from self-dischargerials tend to corrode at high potentials on thg €ectrode
and theoretically higher energy densities compared to sec-side during the water electrolysis operation, (2) GDBs have
ondary batteries such as Ni/MH or Li-igi]. However, the to achieve an appropriate balance between the hydrophobic
round-trip energy conversion efficiency (electric power and hydrophilic properties for both the fuel cell and water
hydrogen storage> electric power) of the URFC is still  electrolysis operations as showrHig. 1 The fuel cell oper-
ation requires that the 05DB have a hydrophobic property
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(a) Fuel cell operation made into a thin layer by a doctor blade technique. The hy-
drogen electrode was also prepared by a similar procedure
with the oxygen electrode except that the iridium black was
not used. The catalyst loadings were about 3—4 mgfcm
of Pt (and Ir). The catalyst layers were hot-pressed on the
pre-treated Nafion 115 membraji®] at 150°C to form the
membrane electrode assembly (MEA).

A sintered titanium fiber substrate (0.5 mm thick, 75%
porosity) was used as the GDB of the URFC. After the Ti
fiber substrates were dipped in appropriate PTFE emulsions
and dried at 110C in air, the substrate was heated at 360
for 1h in a flowing N atmosphere to remove any organic
and volatile additives contained in the emulsion. The treated
substrate was cut into the same shape as the electrode, and
the obtained GDBs were hot-pressed on both sides of the
MEA at 90-150C.

The test cell and the procedure for the URFC perfor-
mance evaluation were described in previous pajidrd 2]
Briefly, the terminal voltage vs. current density\) char-
acteristics of the URFC were galvanostatically measured us-
ing a constant current supply and then the internal resistance
of the cell was also determined by the current interruption
method. During the fuel cell operation, the test cell was op-
erated at 80C, and fully humidified H and Q at 80°C
were supplied to the cell at a rate of 100 ml minThe cor-

Fig: 1. Schematic iIIustratipns of a unitized regenerativ_e fuel ceI_I (URFC) responding fuel and oxidant utilization were calculated to
during (a) fuel cell operation, and (b) water electrolysis operation. be 35 and 18% at 500 mAcrﬁ, respectively. During the
and electron conductive material in highly cathodic and water electrolysis operation, ultra-purified water (Organo,
acidic environments, titanium has been used as the currentPuric-MX) was supplied from the thermostated water reser-
supplier material of a polymer electrolyte water electrolyzer voir to the bottom of both electrode sides of the test cell and
using perfluorosulfonic acid membrangs4]. Therefore, the produced KHand G gases and unreacted water evolved
titanium is a promising candidate for the GDB material of from the top of the cell. Water circulation spontaneously took
the URFC. In the present study, a variety of titanium GDBs place by the evolved gas-lifting on the, Htlectrode side,
coated with different amounts of PTFE were prepared and however, water was supplied to the @lectrode by forced
the URFC performance and durability were examined. circulation at a rate of 75 mImint. The cell and the water
Based on these results, the relation between the URFC perreservoir were kept at 8@ and atmospheric pressure.
formance and the hydrophobicity of the GDB was discussed.

Nafion mer{lbrane /Gas diffusion backing
Electrocatalyst layer

(b) Water electrolysis operation

3. Results and discussion
2. Experimental
Fig. 2 shows the apparent density of the coated PTFE on

The electrocatalyst layers of the URFC were prepared a Ti substrate as a function of the PTFE concentration in the
in a similar manner as described in a previous refiit}. emulsion. The amount of the coated PTFE was determined
Commercially available fine platinum black powder (John- by measuring the weight of the substrates before and after
son Matthey, specific surface area: 262gn') was treated  the PTFE coating procedure. The coated PTFE amount was
with a PTFE emulsion (Daikin, Polyflon) to increase the controlled almost linearly up to 600 mg crh by adjusting
hydrophobic property of the catalyst, and the mixture was the concentration in the emulsion between 0.6 and 60 wt.%
calcined at 360C for 1 h to remove any organic additives. PTFE. In order to examine the effect of the PTFE coating
For preparing the oxygen electrode, the obtained Pt/PTFEon the URFC performance, tHeV curves of a cell with
(5wt.% PTFE) was mixed with fine iridium black powder different amounts of PTFE coatings on the Ti GDB were
(Johnson Matthey, specific surface area: >2@m') at an measured.
atomic ratio of Ptlr = 85/15 because the catalyst mixture
containing about 10-15 at.% shows a maximum URFC ef- 3.1. PTFE coating on GDB for H, electrode
ficiency as previously reportegd0]. The obtained powder
was then thoroughly dispersed in 5wt.% Nafion solution  To confirm the relation between the URFC performance
(Aldrich, 5wt.% solution). The obtained catalyst slurry was and the PTFE coating on the GDB of the Electrode, the
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800 ————————— — 3.2. PTFE coating on GDB for O, electrode

Similar measurements were also done for the GDBs on
the G electrode siderig. 4 shows thd-V curves of the cell
during fuel cell operation with different amounts of PTFE
coatings (0-594 mg cri¥) on the GDB of the @ electrode.
Without a PTFE coating on the GDB, the fuel cell perfor-
mance was very poor. This was probably due to water flood-
. ing in the GDB, because a similar behavior was observed

i . 1 when the electrocatalyst layer without PTFE was used as
200 [ . il the @ electrodg12]. With a small amount of PTFE (8.3 or
16 mg cn3) coating on the GDB of the Delectrode, the
cell voltage dramatically recovered. This fact indicates that
00 : 1'0 : 2‘0 : 50 : 4‘0 ;5'0 elo 20 only a sma.ll.amount of PTFE was sufficient to increasg the

PTRE concentration in entulsion / % hydrophobicity of the GDB and to prevent water flqodmg

of the GDB and catalyst layer. However, further coatings of

Fig. 2. Relation between the amount of coated PTFE on GDB and PTFE PTFE caused a performance degradation as sho\h'{rgim_
concentration in emulsion. The corresponding-V curves of the cell during the water
electrolysis operation are shown ig. 5. Contrary to the
fuel cell operation mode, the cell using the GDB without
PTFE coatings showed superior performance (low terminal
voltage), that is due to the smooth supply of water to the O
electrode interface. PTFE loading on thg GDB caused an
increase in the terminal voltage, that is due to the decrease
in the water supply or the drying of the catalyst layer.

Based on the results &igs. 4 and 5Sthe terminal voltage
of the cell during the fuel cell and water electrolysis oper-
ations at 500 mA cm? was replotted as a function of the
coated PTFE amount iRig. 6. As expected from thé-V
curves, the voltage gradually decreased with the increasing
PTFE loading during the fuel cell operation, whereas a steep
increase in the cell voltage was observed with only a small
amount of PTFE loading during water electrolysis. Too high
PTFE coating caused an unstable fuel cell and reduced water

600

400 - 1

Amount of coated PTFE / mg cm™

I-V curves of the cell with different amounts of PTFE coat-
ings (16 and 559 mg cn?) on the GDB of the H electrode
side were measured as shownHig. 3. In these measure-
ments, the amount of PTFE coating on the €ectrode
side was kept constant at 16—-18 mgcimThesd-V curves

of both the fuel cell and water electrolysis operation were
nearly equivalent regardless of the coated PTFE amount on
the GDB; this fact indicated that the URFC performance
was almost independent of the PTFE coating amount on
the H, side within the investigated range. Thus, the amount
of the coated PTFE on thejHside was fixed at about
560 mg cnt for the following measurements unless other-
wise indicated.
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Fig. 3. Terminal voltages vs. current density curves of 18 &dRFCs

with different PTFE loadings on the GDB of the hydrogen side. Fuel Fig. 4. Terminal voltages vs. current density curves of 18 ¢dRFCs
cell: the cell operated with 10, at 80°C and atmospheric pressure, during fuel cell operation with various PTFE loadings on the GDB of
respective flow rate of 100/100 mlmifh, humidification temperature of the oxygen side. The cell operated with/B, at 80°C and atmospheric
80°C. Water electrolysis: the cell operated with purified water at@0 pressure, respective flow rate of 100/100 mlindinhumidification tem-
and atmospheric pressure. perature of 80C.
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Fig. 5. Terminal voltages vs. current density curves of 18 &WRFCs Fig. 7. Energy conversion efficiencies for round-trip operation of URFC

during water electrolysis operation with various PTFE loadings on the at 500mAcnT? as a function of the amount of the coated PTFE on the
GDB of the oxygen side. The cell operated with purified water at@0 GDB of the oxygen electrode. URFC operating conditions: Begs. 4
and atmospheric pressure. and 5

electrolysis performance. On the basis of the voltages shownobserved for both the fuel cell and water electrolysis opera-
in Fig. 6, the energy conversion efficiency of the round-trip tions over the 4th cycle, whereas the/ curves during the
operationy (electric power— hydrogen— electric power) fuel cell operation show some scatter. This is probably due

can be calculated using the following equat[a0]: to the difference in the water content in the electrocatalyst
terminal voltagefuel cell layer and the GDB. When the operation mod_e was switched
() from water electrolysis to fuel cell, the water in the cell was

n= :
terminal voltagewater electrolysis drained and the cell was purged with dry N§as in order

and the calculated efficiencies at 500 mA@rare shown to remove any excess water contained in the electrode and

in Fig. 7 as a function of the coated PTFE amount. It was GDB. Thus the fuel cell performance is affected to some

found that the maximum conversion efficiency of the URFC extent by the previous water electrolysis ang purging

was obtained using a very small amount of PTFE loading. ProcessFig. 9 shows the terminal voltage of the cell with
Fig. 8shows thd-V curves of the cell using the GGDB different PTFE loadings on the x0GDB at 500 mA cnt?

of 16 mgcnm3 PTFE loading up to the 4th fuel celliwater for each cycle. The cell using the;@DB of 16 mgcnr3

electrolysis (FC/WE) cycle. No noticeable degradation was PTFE loading was operated without any performance loss

during the fuel cell and water electrolysis cycles, however,
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Fig. 6. Terminal voltages of the cell during fuel cell and water electrolysis

operations at 500 mA cn? as a function of the coated PTFE amount on  Fig. 8. Terminal voltages vs. current density curves of 18 ¢WRFCs
the GDB of the oxygen electrode. URFC operating conditions:Figs. for the first to 4th fuel cell/water electrolysis cycles. GDB (oxygen side):
4 and 5 16 mgcnm3 PTFE. Other URFC operating conditions: deigs. 4 and 5
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2 , , . sis voltage, i.e., higher round-trip efficiency. The results of
the alternate operations between fuel cell and water electrol-
ysis cycle tests revealed that a stable operation of the URFC

1571 ¢ ] cycle was achieved using the appropriate amount of PTFE
z —e—8.3mg (FC) loading on the GDB (16 mg cn¥). Many more cycle tests
‘é'é, —o0—8.3mg (WE) | 1 are indispensable for evaluating practical durability, how-
3 1L ——16ma(FO) 1| ever, this work showed that the PTFE loading amount of the
% o 16mg (WE) O, side GDB is one of the keys for improving the URFC
é . . . ] performance.
ke

0.5 - \\ 1

Acknowledgements

01 2 3 L‘l 5 The authors are grateful to Dr. Y. Kozawa of Takasago
Thermal Engineering Co., Ltd., for his many fruitful discus-
Cycle number .
sions.
Fig. 9. Fuel cell/water electrolysis cycling of URFC operated at
500 mAcnt2. URFC operating conditions: sddgs. 4 and 5
References

the cell with the 8 mg cm® PTFE loading showed consider-

able voltage loss during the fuel cell operation with increas- [ ﬁM'dggdfn} Ii:ni ?’V(-: \I/Iie'Stiﬁhé A\)V‘lLam(TH' T}-A-t Gast;ig;(;oéEds')é

H H H H andpookK O ue ells, vol. 5, ey, Ichester, , , P. o.
ing FC/WE cycle_zs. Conadermg_ that t_he water electrolysis [2] J. Ahn, R. Holze, J. Appl. Electrochgm_ 22 (1992) 1167, P
was operated wnhqut Qegradatlon, this \{o!tage loss should [3] J. Ahn, R. Holze, J. Membrane Sci. 73 (1992) 87.

be due to the decline in the hydrophobicity of the GDB. [4] H.P. Dhar, J. Appl. Electrochem. 23 (1993) 32.

It is likely that part of the coated PTFE is removed from [5] F. Mitlitsky, B. Myers, A.H. Weisberg, Energy Fuels 12 (1998) 56.
the GDB dunng the FC/WE Cycles When the PTFE Coatlng [6] M. Kimble, E. Anderson, A. V\/OOC"T’IB.I']'Y K. .Jay'ne, |n Proceedings
amount was not sufficient. Accordingly, reducing the PTFE of 34th Intersociety of Energy Conversion Engineering Conference,

) . - . . 1999, p. 503.
loading on the @ GDB is beneficial from the point of view [7] K. Bolwin, J. Power Sources 40 (1992) 307.

of the conversion efficiency as shownfig. 7, however, a [8] L.L. Swette, A.B. LaConti, S.A. McCatty, J. Power Sources 47
PTFE loading greater than 16 mgchis necessary to sus- (1994) 343.
tain durability of the URFC cycle performance. [9] K. Ledjeff, F. Mahlendorf, V. Peinecke, A. Heinzel, Electrochim.

Acta 40 (1995) 315.
[10] T. loroi, N. Kitazawa, K. Yasuda, Y. Yamamoto, H. Takenaka, J.
. Electrochem. Soc. 147 (2000) 2018.
4. Conclusions [11] T. loroi, N. Kitazawa, K. Yasuda, Y. Yamamoto, H. Takenaka, J.
Appl. Electrochem. 31 (2001) 1179.
The relations between the PTFE coating amount on the [12] T. loroi, K. Ya(SUdav)Z- Siroma, N. Fujiwara, Y. Miyazaki, J. Power
: Sources 112 (2002) 583.
GDB. and the URFC performance were ex_amlned.The I:)-I—FE[lé}] G. Chen, S. Bare, T. Mallouk, J. Electrochem. Soc. 149 (2002)
coating on the GDB of the felectrode did not affect the A1092.
cell performance, however, the URFC performance signifi- [14] H. Takenaka, E. Torikai, Y. Kawami, N. Wakabayashi, Int. J. Hy-
cantly depended on the coatings on thg éectrode side. drogen Energy 7 (1982) 397.
The cell with the smaller PTEE Ioading amount on the O [15] N. Yoshida, T. Ishisaki, A. Watakabe, M. Yoshitake, Electrochim.

GDB exhibited a higher fuel cell and lower water electroly- Acta 43 (1998) 3749.



	Influence of PTFE coating on gas diffusion backing for unitized regenerative polymer electrolyte fuel cells
	Introduction
	Experimental
	Results and discussion
	PTFE coating on GDB for H2 electrode
	PTFE coating on GDB for O2 electrode

	Conclusions
	Acknowledgements
	References


